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♦NOTICES* 

r * 

i r 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s j 10ws t h e worc j which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the blank for halftone phase shift photo 
masks used in order to manufacture the halftone phase shift photo mask and this which are especially used for the 
lithography process of a detailed pattern in the blank for photo masks used in order to manufacture the photo 
mask and this which are used for lithography processes, such as LSI manufacture 
[0002] 

[Description of the Prior Art] the chromium mask which is the conventional photo mask since the halftone phase 
shift film containing the film which makes a subject the chromium atom shown in JP/7-1 10572,A and a fluorine 
atom has permeability sufficient to the far-ultraviolet region which is the exposure wavelength of the lithography 
after 64MDRAM and makes the chromium atom the subject, and abbreviation - since it can manufacture at the 
same process, utilization is starting 

[0003] In order for the shots by which a halftone phase shift photo mask is adjoined at the time of stepper 
exposure to prevent sensitization of the so-called resist in the multiplex exposure field exposed in piles, it is 
necessary to form a shading field in a pattern periphery. In order to form this shading field, the same chromium 
film as the conventional photo mask is formed on the halftone phase shift film containing an above-mentioned 
chromium atom and an above-mentioned fluorine atom, and the method of engraving this so that it may remain 
only in the above-mentioned shading field is proposed. Here, the chromium film of the conventional photo mask 
has sufficient shading performance to exposure light. 

[0004] Both wet etching and dry etching are usually possible for a chromium film, wet etching - the etchant of a 
cerium-nitrate system - using - dry etching ~ the inside of the plasma of the mixed gas of chlorine-based gas 
and oxygen system gas -- **** - it is based on things However, if the etching rate by above-mentioned wet 
etchant will fall if a fluorine atom is introduced into a chromium film, and the above content is reached to some 
extent, it no longer ********** s a t all. It is possible to ********** on the other hand, without almost dropping 
an etching rate about dry etching, even if the fluorine atom is included in the film. 

[0005] Then, taking advantage of the property of such etching, how to form the shading film for multiplex 
exposure fields as follows can be considered. On a transparent substrate, the halftone phase shift film containing 
the film which makes a chromium atom and a fluorine atom a subject is formed, and the chromium shading film 
which does not contain a fluorine in piles on this is formed. Furthermore, on this, a resist is coated and a resist 
pattern is formed with usual electron-beam-lithography equipment. Then, a halftone phase shift film and a 
chromium shading film are **********ed at a stretch by performing dry etching by chlorine-based gas and 
oxygen system gas. Under the present circumstances, the dry etching by chlorine-based gas and oxygen system 
gas does not ********** the synthetic quartz used as a transparent substrate. [ many ] After removing the resist 
which remained after this etching end and washing finely, resist coating is performed again, and patterning of the 
resist is carried out so that it may leave a multiplex exposure field. Then, as above-mentioned, if patterning of the 
chromium shading film is carried out by wet etching, since it does not ********** 5 as f or a halftone phase shift 
film, patterning only of the chromium shading film will be carried out. Thereby, the halftone phase shift photo 
mask which shaded the multiplex exposure field by the chromium film is obtained. 
[0006] 

[Problem(s) to be Solved by the Invention] By the way, it is common to form a halftone phase shift film by the 
multilayer of a chromium system as the practical halftone phase shift photo mask was shown in JP,7-1 10572,A. 
This is because there is a problem that the conductivity of (2) films with difficult adjustment of (1) permeability 
is low, a charge up arises at the time of an electron beam lithography, the permeability in (3) inspection 
wavelength it becomes impossible to draw an accurate pattern is high, and high sensitivity inspection cannot be 
performed, when a halftone phase shift film is formed by the monolayer. Such a problem is that permeability uses 
the combination of a layer low on the whole and a layer high on the whole from exposure wavelength to 
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inspection wavelength, and can solve (1) and (3) by including a conductive high layer into multilayer structure 
about (2). 

[0007] It was common to fully have contained the fluorine and to specifically, have used the halftone phase shift 
film which carried out the laminating of a conductive low layer with high however permeability and the layer of 
the chromium film which does not contain a fluorine at all. It has high conductivity, and since permeability is 
low, a chromium film can avoid an above-mentioned problem here in the large wavelength region from exposure 
wavelength to inspection wavelength. 

[0008] However, when adapted in the method of forming a chromium shading film in an above-mentioned 
multiplex exposure field, the chromium layer which does not contain the fluorine atom exposed with the pattern 
edge in the case of the wet etching of a two-layer eye also had the problem of **********ing. That is, even if it 
forms a pattern edge cross section perpendicular at dry etching, and ideal, it will ********** an _ t ^ e i ayer w hi c h 
does not contain a fluorine by wet etching will become a cross section containing side etch. 

[0009] In the halftone phase shift lithography, although the phase contrast of the remaining field in a pattern edge 
and a removal field was important for 180 degrees as for the bird clapper, such side etch put the phase contrast in 
a pattern edge out of order, and had the problem of spoiling the property of a halftone phase shift photo mask 
remarkably. 

[0010] this invention is made in view of such a trouble of the conventional technology, and when the multilayer 
of a chromium system constitutes a halftone phase shift film, in case the purpose carries out putter NINNIGU of 
the shading film formed on it by wet etching, it is that the layer in a halftone phase shift film prevents 

* * * ***** * * J J^^T 

[0011] 

[Means for Solving the Problem] In this invention, in order to attain the above-mentioned purpose, the layer in a 
halftone phase shift film has prevented **********i ng at the wet etching process at the time of forming a 
chromium shading film in a multiplex exposure field by introducing a fluorine atom into all the layers that 
constitute a halftone phase shift film. That is, the chromium film in the halftone phase shift film which consisted 
of multilayers of the chromium system of a conventional method is also replaced by the chromium system film 
containing a fluorine. 

[0012] By the way, in the case of the chromium film containing a fluorine atom, a fluorine content can adjust a 
membranous permeability spectrum and membranous conductivity, generally, permeability becomes high, so that 
many fluorines are included, and conductivity becomes low. Under the present circumstances, since the 
chromium film which does not contain a fluorine atom at all had the lowest permeability in the wavelength region 
from exposure wavelength to inspection wavelength and conductivity was the highest, usually used for one layer 
of a multilayer conventionally the chromium film which does not contain a fluorine atom at all. 
[0013] As a result of showing clearly what influence content of the fluorine atom to the inside of a chromium 
film has on permeability, conductivity, and an etching property in this invention, then, by controlling the content 
of a fluorine By obtaining the film which permeability was low in the wavelength range which has sufficient 
resistance to the wet etching by the etching reagent of a cerium-nitrate system, and is applied to inspection 
wavelength from exposure wavelength, and has still higher conductivity (1) - adjustment of permeability - easy 
- (2) - it has sufficient conductivity, and a charge up did not arise at the time of an electron beam lithography, 
and the halftone phase shift film with the permeability low enough in (3) inspection wavelength was obtained ' 
[0014] Generally, the chromium film containing a fluorine atom is formed by the sputtering method. This is 
because the equipment and technology of blank manufacture of the chromium mask of a conventional type can 
apply as it is. Specifically, they are Ar gas and CF4, using metal chromium as a target. It is known that the 
property required of the photo-mask blank for highly precise can fully be fulfilled by reactive sputtering by 
mixed gas with gas. Here, the fluorine incorporated in a film is CF4. It is supplied from gas. 
[0015] The permeability of exposure light when changing the mixing ratio of the gas in the case of reactive 
sputtering into below, conductivity, and a wet etching property are shown. Here, with the flowed-in one direction 
type magnetron-sputtering equipment which has an parallel monotonous type electrode, keeping a pressure and 
DC current constant, the quantity of gas flow was changed and five kinds of following films were formed. Here, 
sample **s are the general membrane formation conditions of the halftone phase shift film shown by JP,7- 
1 10572,A. In addition, pressures are 5.0mTorr(s) and current value is 4A 
[0016] 
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[0017] The etching rate in the thickness of each above-mentioned sample ** - **, the wavelength of 248nm and 
the permeability in 488nm, sheet resistance, and the chromium etchant (MR-ES by the ink tech company) of a 
cerium-nitrate system is shown in the next table. 248nm is the wavelength of the KrF excimer laser which is the 
light source of next-generation lithography, and 488nm is the wavelength of the argon laser which is the 
inspection light of the defective test equipment of a typical photo mask. Moreover, in here, although the thickness 
of each sample is about 120- 13 Onm, this is for evaluation, and when actually using as one layer of a halftone 
phase shift film, it becomes thinner than this. 
[0018] 
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[0019] In addition, thickness, permeability, and sheet resistance are measured here using the ohm-meter 
LorestaFP (Mitsubishi Petrochemical Co., Ltd. make) of the sensing-pin formula surface roughness meter 
DEKTAK8000 (product made from SLOAN), visible ultraviolet spectrophotometer HP8450A (product made 
from Hewlett Packard), and 4 probe formulas, respectively. 

[0020] Moreover, it is checked by XPS (X-ray photoelectron spectroscopy) analysis of an above-mentioned 
sample in sample **-** that a fluorine is contained in a film. Although it was specifically checked by about 200 
sample ** to the chromium atom 100 about sample ** that it is similarly about 33, about sample ** and **, it was 
a minute amount, and the fixed quantity was impossible although the existence was accepted. On the other hand, 
it is CF4 during sputtering. The fluorine was not detected at all out of the film of sample ** which does not pass 
gas at all. 

[0021] Compared with sample ** in which sample ** which contains only the fluorine atom of very few amounts 
in a film, and ** do not contain a fluorine at all, the dirty rates to chromium etchant are a bird clapper and one 
side small, and **** which does not contain a fluorine. understands that the permeability and sheet resistance to 
exposure light and inspection light are low as the above-mentioned result shows. Moreover, the property of the 
dry etching of these samples did not change with the phase-shifter film represented by sample **. 
[0022] Therefore, the halftone phase shift photo mask which uses the multilayer containing sample ** or ** as a 
halftone phase shift film (1) -- adjustment of permeability -- easy (2), while it has sufficient conductivity, and a 
charge up did not arise at the time of an electron beam lithography and the permeability in (3) inspection 
wavelength had fully maintained the feature of a low In case patterning of the shading film which consists of a 
chromium film formed on this halftone phase shift film is carried out by the wet etchant of a cerium-nitrate 
system, the perpendicular cross section which is not invaded by etchant is obtained. 

[0023] By the way, as mentioned above, although it was checked that a fluorine atom contains sample ** and ** 
http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 08/1 1/2003 



Page 4 of 5 



in a film by XPS analysis, the fixed quantity was difficult; Therefore, in this invention, it was not able to come to 
' specify a fluorine content required in order to pull out an above-mentioned property. 
[0024] As mentioned above, the halftone phase shift photo mask of this invention is characterized by the bird 
clapper in the halftone phase shift photo mask which has the pattern of the halftone phase shift film which 
consists of a multilayer on a transparent substrate from the film with which all the layers that constitute the 
aforementioned halftone phase shift film contain a chromium atom and a fluorine atom at least so that clearly. 
[0025] In this case, it is desirable to form the 2nd pattern which consists of a shading film which does not contain 
a fluorine atom substantially on the 1st [ of a halftone phase shift film ] pattern, and a shading film has a desirable 
bird clapper from a chromium film in that case. 

[0026] Moreover, the blank for halftone phase shift photo masks of this invention is characterized by the bird 
clapper in the blank for halftone phase shift photo masks which has the halftone phase shift film which consists 
of a multilayer on a transparent substrate from the film with which all the layers that constitute the 
aforementioned halftone phase shift film contain a chromium atom and a fluorine atom at least. 
[0027] In this case, it is desirable to form the shading film which does not contain a fluorine atom substantially 
on a halftone phase shift film, and a shading film has a desirable bird clapper from a chromium film in that case. 
[0028] Since all the layers that constitute a halftone phase shift photo mask consist of a film which contains a 
chromium atom and a fluorine atom at least in this invention Have sufficient conductivity and a charge up does 
not arise at the time of an electron beam lithography. (1) - adjustment of permeability easy (2) — Moreover, 
it is the halftone phase shift photo mask of chromium system multilayer structure with the feature that the 
permeability in (3) inspection wavelength is low enough, and the film for forming a shading field can be easily 
formed by the wet etching method from the chromium film in which patterning is possible. And at this time, no 
films which constitute the halftone phase shift film of multilayer structure are invaded by wet etching, but can 
make a cross section perpendicular. 
[0029] 

[Embodiments of the Invention] Below, the example of the blank for halftone phase shift photo masks of this 
invention and a halftone phase shift photo mask is explained. 

[Example 1] Below, the example of the blank for halftone phase shift photo masks of this invention is explained 
according to drawing 1 . In addition, exposure wavelength is set to 248nm (KrF excimer laser lithography) here. 
Moreover, the halftone phase shift film consists of two-layer here. 

[0030] as shown in drawing 1 (a), the conditions shown below on 6 inch an angle and the 0.25 inch synthetic 
quartz substrate 101 for photo masks of** constitute a halftone phase shift film - 102 [ layer / 1st ] was formed 
In addition, thickness was about 15nm. 
[0031] 

Membrane formation method : The reactant direct-current magnetron-sputtering method target: Metal chromium 
membrane formation gas : Argon (50sccm) +CF4 (6sccm) 

membrane formation pressure : 5.0mTorr current : as shown in 4.0A, next drawing 1 (b), a halftone phase shift 
film consists of the following conditions on this 1st layer 102 -- 103 [ layer / 2nd ] was formed In addition, the 1st 
layer, since 102 differs only from the quantity of gas flow passed by 103 at the time of membrane formation, the 
2nd layer can form membranes continuously here by the same sputtering system. Moreover, the 2nd layer of the 
thickness of 103 was about 155nm here. 
[0032] 

Membrane formation method : The reactant direct-current magnetron-sputtering method target: Metal chromium 
membrane formation gas : Argon (50sccm) +CF4 (24sccm) 

membrane formation pressure : S.OmTorr current : 4.0A ~ this obtained the blank for halftone phase shift photo 
masks of this invention which has the halftone phase shift film 104 of two-layer structure In addition, it is 
Hewlett about permeability with a blank wavelength [ this ] of 248nm. When measured by visible [ made from 
Packard ] ultraviolet spectrophotometer HP8450A, it was 8.3% in the air reference. 

[0033] Then, as shown in drawing 1 (c), the chromium film 105 for shading films was formed on the following 
conditions on this blank. The thickness of this shading film 105 was about 80nm. In addition, since this shading 
film 105 can also be formed only by changing spatter gas, membranes can also be continuously formed if needed 
with the same membrane formation equipment as the above-mentioned halftone phase shift film. 
[0034] 

Membrane formation method : The direct-current magnetron-sputtering method target: Metal chromium 
membrane formation gas : Argon (50sccm) 

Membrane formation pressure : S.OmTorr current : The blank 106 for halftone phase shift photo masks of this 
invention with a shading film was obtained more than by 4.0A. 

[0035] [Example 2] Next, the example which produces the halftone phase shift photo mask of this invention is 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



08/1 1/2003 



Page 5 of 5 



explained according to drawing_2 and drawing jj using the blank for halftone phase shift photo masks obtained in 
the example 1 . As shown in drawing 2 (a), the commercial electron beam resist 204 was applied by the spin coat 
method on the blank 201 (106) for halftone phase shift photo masks of this invention with a shading film 
obtained by drawing_l (c). Resist ** could be about 500nm. Then, as shown in drawing 2 (b), electron-beam- 
lithography equipment in ordinary use performed pattern drawing, and the resist pattern 205 after development 
was obtained. Next, this resist pattern 205 was used as the mask, and it etched on condition that the following 
[0036] 5 * 
etching method: reactive-ion- etching method etching gas: - CH2 C12+(35sccm) 02 (53sccm) 
etching pressure: - 0.25Torr injection power : RF250W - here, since both the halftone phase shift film 202 and 
the shading film 203 ********** s i m ii ar i yj j t i s shown in drawin g 2 (c) - as - abbreviation - the pattern 210 
with which the shading film with a perpendicular pattern and the halftone phase shift film lapped was obtained 
Moreover, on this condition, since it does not ********** ? most synthetic quartz used for a substrate can also 
make control of a phase angle precise. Then, as it exfoliated and the unnecessary resist pattern 209 was shown in 
drawing 2 (d), the pattern 210 of a shading film and a halftone phase shift film was obtained. 
[0037] Furthermore, next, as shown in drawing 3 (a), the electron beam resist 206 was again applied on this, it 
left only the outside of the pattern space on a mask, and negatives were exposed and developed so that the resist 
of a pattern space might be removed, and, subsequently to drawing 3 (b), the 2nd resist pattern 207 was obtained 
so that it might be shown. Next, the chromium film 21 1 of a portion exposed from the resist pattern 207 was 
removed using commercial chromium wet etchant (for example, MR-ES by the ink tech company). Here, 
although the shading film which consists of an exposed chromium film 21 1 is removed completely, the halftone 
phase shift film 212 does not ********** at all wet q^^^ ^ y remov ing an unnecessary resist, as shown 

in drawings (c), the halftone phase shift photo mask 208 of this invention covered with the chromium shading 
film except the pattern space was obtained. 

[0038] In addition, this halftone phase shift photo mask 208 is Above Hewlett about the permeability in the 

wavelength of 248nm of the portion from which the shading film was removed. When measured by visible 

[ made from Packard ] ultraviolet spectrophotometer HP8450A, it was 8.2% in the air reference. Moreover, this 

halftone phase shift photo mask 208 was things which can be altogether equal to practical use, such as quality and 

endurance. 

[0039] As mentioned above, although the blank for halftone phase shift photo masks of this invention, and the 
principles and those examples of a halftone phase shift photo mask have been explained, this invention is not 
limited to these but various deformation is possible for it. 
[0040] 

[Effect of the Invention] Since this invention consists of a film with which all the layers that constitute a halftone 
phase shift photo mask contain a chromium atom and a fluorine atom at least so that clearly from the above 
explanation Have sufficient conductivity and a charge up does not arise at the time of an electron beam 
lithography. (1) ~ adjustment of permeability - easy - (2) - Moreover, it is the halftone phase shift photo mask 
of chromium system multilayer structure with the feature that the permeability in (3) inspection wavelength is 
low enough, and the film for forming a shading field can be easily formed by the wet etching method from the 
chromium film in which patterning is possible. And at this time, no films which constitute the halftone phase shift 
film of multilayer structure are invaded by wet etching, but can make a cross section perpendicular. 

[Translation done.] 
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* NOTICES * * 1 • 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2:**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

.[DrawkgJL]. It is drawing for explaining the process for manufacturing the blank for halftone phase shift photo 
masks of the example 1 by this invention. 

[DrawingJQ It is drawing for explaining the first half of the process for manufacturing the halftone phase shift 
photo mask of the example 2 by this invention. 

[Drawing^] It is drawing for explaining the second half of the process for manufacturing the halftone phase shift 
photo mask of the example 2 by this invention. 
[Description of Notations] 

101 — Synthetic quartz substrate 

102 - The 1st layer which constitutes a halftone phase shift film 

103 - The 2nd layer which constitutes a halftone phase shift film 

104 — Halftone phase shift film of two-layer structure 

105 ~ Chromium film for shading films 

106 -- Blank for halftone phase shift photo masks with a shading film 

201 -- Blank for halftone phase shift photo masks with a shading film 

202 — Halftone phase shift film 

203 -- Shading film 

204 — Electron beam resist 

205 — Resist pattern 

206 — Electron beam resist 

208 ~ Halftone phase shift photo mask 

207 — Resist pattern 

209 — Resist pattern 

210 - Pattern with which the shading film and the halftone phase shift film lapped 

211 -- Chromium film 

212 — Halftone phase shift film 

[Translation done.] 
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CLAIMS 



[Claim(s)] 

[Claim 1 ] The halftone phase shift photo mask to which all the layers that constitute the aforementioned halftone 
phase shift film are characterized by the bird clapper from the film which contains a chromium atom and a 
fluorine atom at least in the halftone phase shift photo mask which has the pattern of the halftone phase shift film 
which consists of a multilayer on a transparent substrate. 

[Claim 2] The halftone phase shift photo mask characterized by forming the 2nd pattern which consists of a 
shading film which does not contain a fluorine atom substantially on the 1st [ of the aforementioned halftone 
phase shift film ] pattern in a halftone phase shift photo mask according to claim 1. 

[Claim 3] The halftone phase shift photo mask to which the aforementioned shading film is characterized by the 
bird clapper from a chromium film in a halftone phase shift photo mask according to claim 2. 
[Claim 4] The blank for halftone phase shift photo masks to which all the layers that constitute the 
aforementioned halftone phase shift film are characterized by the bird clapper from the film which contains a 
chromium atom and a fluorine atom at least in the blank for halftone phase shift photo masks which has the 
halftone phase shift film which consists of a multilayer on a transparent substrate. 

[Claim 5] The blank for halftone phase shift photo masks characterized by forming the shading film which does 
not contain a fluorine atom substantially on the aforementioned halftone phase shift film in the blank for halftone 
phase shift photo masks according to claim 4. 

[Claim 6] The blank for halftone phase shift photo masks to which the aforementioned shading film is 
characterized by the bird clapper from a chromium film in the blank for halftone phase shift photo masks 
according to claim 5. 
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DRAWINGS 



[Drawing 1] 
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(57) Abstract: 

PROBLEM TO BE SOLVED: To prevent the etching of the 
layers in halftone phase shift films at the time of 
patterning the light shielding film to be formed on the 

halftone phase shift films by wet etching in the case the ■■ 

halftone phase shift films are composed of mult i layered 
f i Ims of a chromium system. 

SOLUTION: This blank for photomasks has a transparent 
substrate 101, the halftone phase shift films 104 of the 
multiple layers contg. at least chromium atoms and 
fluorine atoms in all the layers 102, 103 formed thereon 
and the light shielding film 105 which is further formed 
the reon and does not substantial ly contain fluorine 
atoms. This halftone phase shift mask is formed by 
patterning the blank described above. tc; 
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